Abstract
Introduction
While economies in the industrialised World are becoming increasingly knowledge and information driven and intensive, much of the work on capturing and measuring organisational performance, especially on transnational comparisons, is still constrained and steeped in the thinking of the manufacturing era (Chatha & Butt, 2015) .
There is a consensus that a firms' internationalization has a number of business, corporate and social advantages and leads to the improvement of a firm's performance through organizational learning, market expansion, risk diversification, technological transfer, reach and richness of the product and service offering amongst many others (e.g., Johanson & Vahlne, 1977; Kogut, 1985; Porter, 1990; Kobrin, 1991; Dunning, 1993; Kotabe et al., 2002, among others) .
Contemporary empirical research that seeks to measure the impact of the degree of internationalization on firm performance has been rather inconclusive, e.g., Contractor et al (2003) and Contractor (2007) . However, it must be mentioned that despite the empirical evidence of a positive effect of internationalization on firm performance there are few early empirical studies providing evidence that the internationalization has no effect on firm performance (Buckley et al., 1997 (Buckley et al., , 1984 Morck & Yeung, 1991) . Other threads of research argue that internationalization has either a positive or negative linear relationship associated to a firm's performance. Studies have shown that there is a nonlinear relationship a 'U'-or an inverted 'U'-shape form 1 .
Contrary to previous findings, Contractor et al. (2003) ; Lu and Beamish (2004) ; Thomas and Eden (2004) and Contractor (2007) demonstrate that the relationship between firm performance and multinationality has three stages and resembles an Sshaped relationship.
al . (2015) also demonstrated a curvilinear U-shaped relationship suggesting the benefits of R&D on internationalization eventually outweigh the costs after critical levels of intensity and diversity had been achieved to enrich firm performance.
These studies all found differences in performance in terms of growth strategies in a range of manufacturing and service firms. By revisiting the concept in a current business landscape Khavul et al. (2012) suggest that a significant difference in the effects of international strategic orientation in terms of overall organisation performance and responsiveness is evident in the business cycle (Navarro et al., 2010) .
This research note suggests that the contradictions in earlier research findings and the inconclusiveness of the findings may be due to: an a priori assumption concerning a functional form of the examined relationship by deploying parametric techniques for their analysis is appropriate. This inaccuracy may have led to conflicting results.
Second, studies tend to measure a firm's performance by using univariate accounting ratios such as Return on Assets (ROA), Return on Equity (ROE), sales growth, Tobin's Q amongst others. The area of measuring performance tends to be informed by partisan accounting methods, as outlined earlier, which adopt semi at best, often an illusionary objective, short term evaluation (Mouritsen et al., 2009 Operations managers offer a set of measures that reflect how they perceive the world, with stock value, esteem value, replacement value, etc., when taken systemically indicate a view of a firms performance.
Contemporary research in operations management and business evaluation indicate that these accounting ratios are not fit for purpose when seeking to measure a firm 'true'
performance. (e.g., Mantere and Ketokivi, 2013; Steigenberger, 2014, among others) .
This study is different, as it provides a renewed investigation of the performancemultinationality relationship by taking into account the above mentioned critical issues, by providing supporting evidence on the validity of the three-stage theory of internationalization as proposed by Contractor et al. (2003) . This is timely and of benefit to managers and policy makers for several reasons, presented below.
Unlike the individual accounting ratios, we propose the application of different firm's performance measurement providing us with the ability to capture a firm's managerial decision process reflecting crucial aspects of the organizational learning theory. We measure a firm's performance by estimating the firms' efficiency levels in a production function type framework. Specifically we measure a firm's performance by estimating their technical efficiency levels with a nonparametric technique known as Data Envelopment Analysis (DEA). DEA is often applied to the field of operations management (Wu and Barnes, 2012; de Koster et al., 2009; Ramanathan, 2005; Leachman et al., 2005) to quantity firm performance.
This applied methodological approach tackles the problems highlighted by current studies on measuring firm performance (Mantere and Ketokivi, 2013; Steigenberger, 2014) by providing a comparison, almost meta-analysis, based benchmarking protocol.
This allows for the comparison between regression and non-regression based techniques and that area regression based analysis is more robust. Chen et al. (2015) demonstrate that the DEA approach enables managers to understand their firm performance, a more robust and enriching way than simply relying on accounting and other financial ratios.
The use of efficiency measures is not new in the field of internationalization or operations management for that matter. Assaf et al. (2012) use cost-efficiency measure in their study measuring the effect of multinationality for a sample of retail firms.
To extend and enrich the debate on how to measure and evaluate a firm's performance and to offset earlier methodological issues, we deploy a new time-dependent conditional frontier model (Mastromarco and Simar, 2014) based on the recent advances introduced by Bădin et al. (2012) . This allows researchers and evaluators to capture the effect of multinationality. The model is able to address the dynamic effects involved when examining the relationships between efficiency and performance via organizational learning (Assaf et al., 2012) . This approach provides us with several unique modelling advantages when seeking to examine directly the effect of multinationality accommodating in our measurement both firms' efficiency levels and technological disruptive change, which are the two key mechanisms to drive organisational performance improvement. The intellectual contribution relates to unpacking the notion that multinationality contributes to technological change through know-how and know-what in order to bring about efficacy, effective and efficient business practices with regards to the actuality and productivity levels of the firm. To date, there is little research that adequately unpicks the relationship of how multinationality affects firm's technological change.
Our final contribution is that our model is empirical informed, via more comprehensive data set, which extends the methodology shortcoming preened earlier in other studies.
The research sample comprises both developed and developing economies, from different national origins, and different sectorial characteristics with a particular focus on Knowledge Intensive Business Services -KIBS and Capital Intensive Business Services (CIBS), rather than solely on manufacturing based firms. As a proxy of firms' multinationality level we are using the Transnationality Index (TNI) calculated by UNCTAD.
Having provided and synthesis of the key issues and how this paper contributes to the current conversations in the area, the next section describes the data and methodology developed. This is followed by the presentation of the empirical data and finally, we conclude this research note with managerial implications of our results.
Data and Methodology

Variable description
In order to attempt to evaluate the nexus and interplay between the degree of multinationality and firm performance we apply a sample of the World's top 100 nonfinancial firms, ranked by the size of foreign assets 2 from 2001to 2012. The sample includes leading international firms from twenty one countries and twenty nine industries. The sample's characteristics enable us to provide a more robust picture of the internationalization-firm performance relationship, avoiding the more traditional sampling bias caused by estimating the relationship for a single country and/or for a single industry (Contractor, 2007) .
In Appendix 1 we list the firms, the selected industries and the countries that we include in our sample strategy. Furthermore, we capture a firm's dynamic learning effect by covering the period of eleven years. We have collected the data from annual World Investment Reports issued by UNCTAD. These reports include data from the largest transnational corporation (TNCs) from developed and developing countries. The firm's multinationality level is measured through the Transnationality Index (TNI) calculated by UNCTAD. TNI is a composite index which measures firms' degree of internationalization (DOI) and is calculated as the average of three ratios: foreign assets to total assets, foreign sales to total sales and foreign employment to total employment. Table 1 presents the descriptive statistics of the variables used.
[ Table 1 about here]
Methodological Approach
As presented earlier we have outlined the novelty of our approach in order to measure a firm's performance through firm technical efficiency instead of individual accounting ratios. This proposed measurement is more suitable since it reveals the management ability to utilize efficiently firm's resources, threshold and core competencies. Our premise is a firm is technically efficient if produces the maximum output from a given quantity of inputs, such as labour and capital. A firm's managerial efficiency is measured by deploying a well-established methodological approach known as DEA.
DEA is a mathematical programming technique that estimates the relative efficiency of production units and identifies best practice frontiers. DEA was initially introduced by Charnes et al. (1978) which encompass the construction of a non-parametric piece-wise surface (i.e. the empirical frontier) over the examined data. 
Our first regression (equation 1) determines the effect of time and multinationality on a firm's boundary (i.e. we seek to detect any potential technological change-swift of the frontier). However, the second regression (equation 2) seeks to measure the effect of multinationality and time on the distributions of firms' efficiencies 6 . An increasing regression line indicates a positive effect of multinationality and time on firms' technological change (shift on the frontier) and on the distribution of their efficiencies (technological catch-up).
Empirical results
Prior to our analysis about firm efficiency and multinationality, we provide an overview hypothesis as introduced by Contractor et al., (2003) and further discussed in Contractor (2007) . The results show that in the initial stage of internationalization, i.e., up to 40% level the firms fail to have any technical efficiency gains due to costs and barriers to international expansion. However, once a firm overcomes this initial stage of multinationality, i.e., from 40% to 70% the effect is positive. This indicates technical efficiency gains due to the benefits linked with firms' international expansion. Finally, for a higher degree of multinationality, i.e., greater than 70% the effect of multinationality on firms' technical efficiency levels is negative. That means that firms have been over-internationalized with increased global coordination and managerial costs (Contractor, 2007) . The effect of time in this case is positive suggesting that firms' have increases their technical efficiency levels over the examined period (this is also confirmed from the results presented on Figure 1 ).
Furthermore, from Sub-figure 2b (examine the entire sample) we can suggest that multinationality has an inverted U-shape relationship with firms' technological change suggesting that firms can increase their technological change as they internationalize their operations abroad up to a certain level, which after that level diminishing returns of multinationality start to arise. The effect of time appears to be negative suggesting that firms' could not sustain to keep increasing their technological change diachronically. This evidence is presented for the first time in the literature linking firms' technological change with their multinationality levels.
We follow Contractor et al. (2003) and we separate our sample into two sub-samples.
The first sub-sample includes only firms from knowledge intensive business services (KIBS) and the second sub-sample include firms from capital intensive business services (CIBS). It is evident from Subfigures 2c, 2d, 2e and 2f that the pattern of overall effects of multinationality on firms efficiencies and technological changes remain unchanged regardless the fact if the firms are from KIBS or CIBS.
A closer analysis reveals that the turning points are different for firms from KIBS and CIBS (Subfigures 2c and 2e) in the case of firm efficiency. The turning point for knowledge based firms is 78% (Subfigure 2c), whereas, for capital intensive is 70% (Subfigure 2e). What is important is the fact that in both cases we confirm the presence of the sigmoid hypothesis introduced by Contractor et al. (2003) .
If we turn our attention to technological change, we observe that the turning points are again different for firms from KIBS and CIBS (Subfigure 2d and 2f). This indicates also different effects of multinationality on a firm's technological change. It is evident that knowledge intensive firms need to achieve a higher degree of internationalization compared to capital intensive firms in order to maximize the multinationality gains on their technological change initiatives. The turning point for knowledge intensive firms is 80% (Subfigure 2d), whereas, for capital intensive is just 70% (Subfigure 2f). In other words, diminishing returns on technological change come faster on capital intensive firms and slower for knowledge intensive firms.
Our results indicate that firms from KIBS require a higher degree of internationalization to maximize firm efficiency and technological changes. In addition we confirm the present of the three stage-theory as discussed by Contractor et al. (2003) for firms from CIBS.
[ Figure 2 about here]
Conclusions & managerial implications
The study confirms the existence of the three-stage sigmoid (S-shaped) hypothesis between multinationality and a firm's performance when measured through technical efficiency levels. Despite the fact we use a different way of measuring firm performance we validated the three stage hypothesis of multinationality as introduced by Contractor et al., (2003) . We further extend our analysis by providing, for the first time, evidence of an inverted 'U'-shape relationship between multinationality and firm's technological change. Moreover, we argue that the multinationality and firm performance relationship is a non-linear (Contarctor et al., 2003) .
We argue that firms' benefit of multinationality in terms of firm performance is exhausted after the degree of internationalization reaches the level of 80% and 70% for KIBS and CIBS respectively. Contractor et. al (2003) reports similar results but their results do not provide sufficient support for CIBS. We also explore a new relationship on firm performance and technological change. In other words, we quantify a degree of internationalization that is needed to shift a production frontier due to the introduction of new technologies (in both sectors, i.e., KIBS and CIBS). The results show that capital intensive service sectors do not require the same degree of multinationality compared to knowledge-based firms in order to maximise the technological change.
This study has multidimensional implications in terms of the adopted managerial and business strategies. Firstly, multinationality has to be adopted as an integral managerial strategy that improves firm performance. Secondly, we reject the previous findings about the U-shaped and inverted U-shaped performance. We confirm that multinationality is effective but the managers face the problem of finding the optimal degree of multinationality due to a sigmoid type of internationality. Thirdly, the benefit of multinationality is not exhausted rapidly. This allows managers to adopt relatively aggressive strategies for achieving an appropriate level of multinationality. In other words, managers can afford to adopt a long-term expansion plan. A very gradual decline in firm performance after achieving the first stage of multinationality should lead to the change or reduction in the degree of multinationality. Our findings confirm that the decline is only a temporary event before reaching the second stage of multinationality.
Fourthly, managers face a critical decision which is related to overexpansion of firms' production processes. If managers are not able to have a control of this process then the third stage will come and diminishing returns will be appear. The duration and the path of expansion are unique for every firm and is determined by firm's internal and external factors.
Managers have to be aware of the fact that empirical evidence reveals that the multinationality -performance relationship is a three-stage dynamic process.
Finally, since Johnson and Kaplan (1987) published their key text, Relevance Lost -
The Rise and Fall of Management Accounting, performance measurement has gained a new lease of life, both in practice and research (Neely, 1999) . Today, being able to empirically compare the performance of firms in order to identify the performance gaps and improvement opportunities is critical. This research note contributes to by positing a contribution to a gap by identifying appropriate measures and how they should be 
